The large diversity of the genus Bacillus led to the reclassification of seven phylogenetic groups as the new genera Alicyclobacillus (Wisotzkey et al., 1992) , Paenibacillus (Ash et al., 1993 ; Heyndrickx et al., 1996) , Brevibacillus (Shida et al., 1996) , Aneurinibacillus (Shida et al., 1996 ; Heyndrickx et al., 1997) , Virgibacillus (Heyndrickx et al., 1998) , Salibacillus and Gracilibacillus (Wainø et al., 1999) . Thermophilic Bacillus species previously assigned to rRNA group 5 have recently been transferred to a new genus Geobacillus, which was created with two additional novel species, Geobacillus subterraneus and Geobacillus uzenensis (Ash et al., 1991 ; Rainey et al., 1994 ; Nazina et al., 2001) . The GenBank accession number for the 16S rDNA sequence of strain SK-1 T is AF326278.
validly described Geobacillus species. The Geobacillus species form a phenotypically and phylogenetically coherent group of thermophilic bacilli with high levels of 16S rRNA sequence similarity (98n5-99n2 %). This group comprises established species of thermophilic bacilli (Bacillus stearothermophilus, Bacillus thermocatenulatus, Bacillus thermoleovorans, Bacillus kaustophilus, Bacillus thermoglucosidasius and Bacillus thermodenitrificans). Most of these thermophilic species or strains have been found to grow at temperatures above 55 mC (Nazina et al., 2001) . Hot compost is considered to offer a favourable habitat for thermophilic bacilli (Fugio & Kume, 1991 ; Strom, 1985 a, b) . Strom (1985 a, b) isolated more than 750 heterotrophic spore-forming strains from compost ; very few of them grew above 60 mC, and only Bacillus coagulans and Geobacillus stearothermophilus were isolated at 65 mC. bacteria, a thermophilic strain, designated strain SK-1 T , was isolated from hay compost. The isolate exhibited a commensal interaction with the previously described ' Symbiobacterium toebii ' SC-1 (Rhee et al., 2000 (Rhee et al., , 2002 . It was clear from a cursory examination that strain SK-1 T has taxonomic properties that allow its assignment to the genus Geobacillus. In the present study, strain SK-1 T was subjected to a polyphasic characterization to investigate whether or not it represents a novel species within the genus Geobacillus.
During a routine screening programme of thermophilic
A compost sample was taken from a farm-yard in Kongju, Korea. Strain SK-1 T was isolated on a solid modified basal medium (MBM), containing 5 g polypeptone, 1 g yeast extract, 6 g K # HPO % , 2 g KH # PO % , 0n5 g MgSO % ; 7H # O and 0n5 g -tyrosine l −" deionized water, which was seeded with a compost suspension and incubated at 60 mC for 3 days. Biomass for chemical and molecular systematic studies was obtained by cultivating the organism in shake flasks containing liquid MBM at 60 mC for 3 days. The shape and size of living and stained cells were determined by light microscopy. The Gram reaction was determined using a Gram stain kit (Difco) according to the manufacturer's recommended protocol. Flagellum type was examined using a model H7000 transmission electron microscope (Hitachi) after the preparations were stained with 0n5 to 2% (w\v) phosphotungstic acid. A thin section was stained with uranyl acetate and lead citrate. Scanning electron microscopy of the novel isolate was carried out as described by Padilla et al. (1997) . Most of the physiological tests were carried out using API 20E and 50CH kits (bioMe! rieux). Growth in the presence of 0n02 % (w\v) sodium azide and 5 % (w\v) NaCl was examined according to the method of Gordon et al. (1973) . MBM was also used for determination of optimal pH and temperature for growth. The effect of pH on growth was determined on solid MBM using four different buffers at a final concentration of 50 mM : citrate\Na # HPO % buffer, pH range 5n0-7n0 ; phosphate buffer, pH range 6n0-8n0; Tris buffer, pH range 7n0-9n0 ; glycine\NaOH buffer, pH range 8n5-10n5. The isomer type of diaminopimelic acid in the peptidoglycan was determined by the method of Komagata & Suzuki (1987) . Menaquinones were analysed as described by Komagata & Suzuki (1987) using reversed-phase HPLC. Fatty acids were extracted and analysed following the instructions of the Microbial Identification System (MIDI).
The chromosomal DNA was isolated and purified according to the method described previously (Yoon et al., 1996) . GjC content was determined using the method of Tamaoka & Komagata (1984) . The DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC. G. thermoglucosidasius ATCC 43742 T was used as the reference strain for DNA-DNA hybridization, which was carried out according to the method of Ezaki et al. (1989) .
16S rDNA was amplified by PCR using two universal primers, as described previously (Yoon et al., 1998) . The PCR product was purified using a QIAquick PCR purification kit (Qiagen). The purified 16S rDNA was then sequenced using an ABI PRISM BigDye Terminator cycle sequencing ready reaction kit (Applied Biosystems) as recommended by the manufacturer. The purified sequencing reaction mixtures were electrophoresed automatically using an Applied Biosystems model 310 automatic DNA sequencer. The 16S rDNA sequence of strain SK-1 T was aligned with representative 16S rDNA sequences of related taxa using   software (Thompson et al., 1994) Geobacillus toebii sp. nov. Suzuki et al. (1983) , White et al. (1993) and Priest et al. (1988) Claus & Berkeley (1986) (G. stearothermophilus), Golovacheva et al. (1975) Cell width (µm) 0n5-0n9 gaps at the 5h and 3h ends of the alignment were omitted from further analyses. Evolutionary distance matrices were calculated with the algorithm developed by Jukes & Cantor (1969) using the  program within the  package (Felsenstein, 1993) . A phylogenetic tree was constructed using the neighbourjoining method (Saitou & Nei, 1987) implemented within the  program of the same package. The stability of the relationships was assessed by a bootstrap analysis of 1000 datasets using the programs , ,  and  of the  package. GenBank accession numbers for reference 16S rRNA gene sequence used in this analysis are shown in Fig. 2 .
A thermophilic bacterium, ' Symbiobacterium toebii ' SC-1, exists in an obligate commensal relationship with another thermophilic bacterium, strain SK-1 T , in composts and the commensal partner releases two growth factors during growth (Rhee et al., 2000 (Rhee et al., , 2002 . Strain SK-1 T was found to provide higher stimulating activity for the growth of ' Symbiobacterium toebii ' SC-1 than did any other Bacillus or Geobacillus species tested. Strain SK-1 T exhibited morphological and chemical characteristics that are consistent with those found in the genus Geobacillus. Cells of strain SK-1 T were aerobic and Gram-positive rods, 2n0-3n5 µm long and 0n5-0n9 µm wide (Fig. 1) . Spores first appeared on MBM agar after 24 h and were ellipsoidal, located No growth was detected at pH values below 6n0 or above 9n0. Growth was not observed in the presence of 0n02 % sodium azide or 5 % NaCl. Strain SK-1 T was positive for catalase. Whereas acid was produced from -glucose, no acid was produced from xylose or mannitol. A Voges-Proskauer test proved positive. Strain SK-1 T contained meso-diaminopimelic acid in the cell-wall peptidoglycan, MK-7 as its predominant menaquinone and major amounts of iso-C "& : ! (34n03 %), iso-C "' : ! (17n46 %) and iso-C "( : ! (34n86 %) fatty acids. The GjC content of the DNA of strain SK-1 T was 43n9 mol%.
A nearly complete 16S rDNA sequence of 1521 nt ( 96 % of the Escherichia coli 16 rRNA sequence) was determined for strain SK-1 T . Comparison of this sequence with sequences of some other bacteria revealed that strain SK-1 T falls within the radiation of the cluster comprising Geobacillus species and forms, in particular, a coherent cluster with G. thermoglucosidasius ATCC 43742 T (Fig. 2) . In the phylogenetic tree based on the neighbour-joining algorithm, the relationship between strain SK-1 T and G. thermoglucosidasius ATCC 43742 T was supported by a bootstrap resampling value of 95n2 %. The level of 16S rDNA sequence similarity between strain SK-1 T and G. thermoglucosidasius ATCC 43742 T was 98n1 %. 16S rDNA similarity values between strain SK-1 T and the type strains of other validly described Geobacillus species were in the range 95n0-95n8%.
DNA-DNA hybridization was performed to determine the genomic relatedness between strain SK-1 T and the type strain of G. thermoglucosidasius. Since the DNA-DNA relatedness was only 27 %, they appeared to be members of distinct genomic species (Wayne et al., 1987) . Some phenotypic properties also showed that strain SK-1 T could be clearly distinguished from G. thermoglucosidasius ATCC 43742 T (Table 1) . Moreover, strain SK-1 T has higher activity for stimulation of growth of ' Symbiobacterium toebii ' SC-1 than does G. thermoglucosidasius ATCC 43742 T . It is apparent from the genotypic and phenotypic data that strain SK-1 T merits recognition as a member of a novel species. Therefore, we propose the creation of a novel species, Geobacillus toebii sp. nov., for strain SK-1 T .
Description of Geobacillus toebii sp. nov.
Geobacillus toebii (to.ehbi.i. N.L. neut. gen. n. toebii derived from toebi, a special farmland compost in Korea, from which the organism was isolated).
Cells are Gram-positive, aerobic rods, 2n0-3n5 µm long and 0n5-0n9 µm wide. Motile. Spores are ellipsoidal, located subterminally to terminally in swollen sporangia. Growth occurs at 45-70 mC with an op-timum of 60 mC. No growth is observed at 80 mC. Growth at 60 mC occurs between pH 6n0 and 9n0, with an optimum pH of about 7n5. No growth is found at pH values below 6n0 or above 9n0. Growth is not observed in the presence of 0n02 % azide or 5 % NaCl. Catalase-positive. Acid is produced from -glucose but not from xylose or mannitol. The Voges-Proskauer test is positive. The major cellular fatty acids are iso-C "& : ! and iso-C "( : ! . The GjC content is 43n9 mol % (as determined by HPLC). Isolated from farmland compost in Kongju, Korea. The type strain is strain SK-1 T (l KCTC 0306BP T l DSM 14590 T ).
